Word age-of-acquisition (AoA) affects reading. The mapping hypothesis predicts AoA effects when input-output mappings are arbitrary. In Spanish, the orthography-to-phonology mappings required for word naming are consistent; therefore, no AoA effects are expected. Nevertheless, AoA effects have been found, motivating the present investigation of how AoA can affect reading in Spanish. Four experiments were run to examine reading with a factorial design manipulating AoA and frequency. In Experiments 1 and 2 (immediate and speeded naming), only word frequency affected word naming. In Experiment 3 (lexical decision), both AoA and frequency affected word recognition. In Experiment 4 (immediate naming with highly imageable items), both frequency and AoA affected naming. The results suggest that highly imageable items induce a larger reliance on semantics in reading aloud. Such reliance causes faster naming of earlier acquired words because the corresponding concepts have richer visual and sensory features acquired mainly through direct sensory experience.
In recent years, there has been an increasing interest in the effects of word age-of-acquisition (AoA) on lexical processing. Words acquired early in life are processed faster and more accurately than words that are acquired later (for reviews, see Johnston & Barry, 2006; Juhasz, 2005) . AoA and frequency effects are naturally intercorrelated: Words that are early acquired tend also to be more frequently used (Morrison & Ellis, 1995) . Nevertheless, a series of observations have shown independent effects of word frequency and AoA on word recognition (Brysbaert, Lange, & Van Wijnendaele, 2000; Burani, Arduino, & Barca, 2007; Cortese & Khanna, 2007; Cuetos & Barbón, 2006; Gerhand & Barry, 1998 , 1999a , 1999b ).
An explanation to address both the frequency and AoA effects comes from connectionist computational models with distributed representations. In such models, frequency effects result from the training of the orthography-to-phonology (O-P) mappings (Plaut, McClelland, Seidenberg, & Patterson, 1996; Zevin & Seidenberg, 2002) while AoA effects emerge from a general property of these models. Ellis and Lambon Ralph (2000) showed that as learning proceeded in the model, its plasticity reduced. If plasticity reduces, words trained later are not learned as effectively as words trained earlier (Lambon Ralph & Ehsan, 2006) . Additionally, J. Monaghan and Ellis (2002) found in a word naming experiment that the loss of plasticity induced an AoA effect only in the case of words with inconsistent O-P mappings. The computational connectionist models of reading proposed by Zevin and Seidenberg (2002) , and more recently by P. Monaghan and Ellis (2010) have shown that the nature of the mappings between input and output elicits AoA effects, with larger AoA effects when the mapping is arbitrary. That is to say, AoA effects would emerge as a natural property of models that learn over time when the learning involves inputoutput mappings containing some degree of inconsistency or irregularity and unpredictability (P. Monaghan & Ellis, 2010) .
The AoA effects in word naming are predicted to be particularly large when the associations (or mappings) between input and output are arbitrary or uncorrelated, as is the case for words with some irregularities/inconsistencies in their spelling-to-sound correspondences. In contrast, AoA effects should be reduced or nonexistent when the mappings between representations are regular, as in reading aloud regular words (with consistent O-P mappings). In transparent orthographies like Dutch, Italian, or Spanish, the mappings learned early by the model can be consistently carried over to later learned mappings by generalizing these regularities. Under such conditions, the advantage of early acquired (or trained) words disappears, and consequently, no AoA effects are to be expected (Ellis & Lambon Ralph, 2000; Lambon Ralph & Ehsan, 2006 ; J. Monaghan & Ellis, 2002; P. Monaghan & Ellis, 2010; Zevin & Seidenberg, 2002) .
Despite the prediction that AoA effects will be reduced or nonsignificant in word naming in transparent orthographies, contrasting results have been reported in these languages. Consistent with the mapping hypothesis, word naming in Italian was affected only by frequency but not by AoA (Barca, Burani, & Arduino, 2002; Burani et al., 2007) . However, AoA has been found to affect reading in Italian for words with irregular stress (Wilson, Ellis, & Burani, 2012) . Similarly, word frequency affected reliably word naming in Dutch, whereas AoA effects on Dutch naming were only significant over participants, not over items (e.g., Brysbaert, Lange, & Van Wijnendaele, 2000; Ghyselinck, Lewis, & Brysbaert, 2004) . No AoA effects are expected to affect Spanish word naming because this language has very consistent O-P mappings. As a general rule, only one phoneme corresponds to one grapheme, except for five digraphs (i.e., two graphemes that correspond to one phoneme) and two contextually dependent vowel pronunciations (see Cuetos & Barbón, 2006; and Wilson & Martínez-Cuitiño, 2012 , for further details). However, contrary to the mapping hypothesis, in Spanish only AoA but not frequency has been found to affect word naming (Cuetos & Barbón, 2006) .
How could the pattern of results in Spanish word naming be explained? One interpretation is that the reported AoA effects in Spanish word naming may originate from a different source than the arbitrariness of O-P mappings. It has been suggested that at least part of the AoA effect has a semantic source. AoA effects have been repeatedly found in semantic tasks, such as picture naming or semantic categorization, in transparent and in opaque orthographies (Bates, Burani, D'Amico, & Barca, 2001; Brysbaert, Lange, & Van Wijnendaele, 2000; Brysbaert, Van Wijnendaele, & De Deyne, 2000; Ghyselinck et al., 2004; Menenti & Burani, 2007) . Thus, the AoA effect could come from two different sources: one that is lexically related (together with frequency) and one that is semantically related (Bates et al., 2001; Brysbaert & Ghyselinck, 2006; Burani et al., 2007) . In an attempt to disentangle the semantic locus and mapping accounts of AoA, Izura and Ellis (2002) tested Spanish (L1)-English (L2) late bilinguals. They showed (Experiment 4) that the AoA of each language independently affected performance in a lexical decision task in the same language, even when the items that were early acquired words in one language (i.e., Spanish) were late acquired in the other (i.e., English), and vice-versa. They claim that their results are compatible with an explanation locating the AoA effect in the mappings of representations but not in semantics because if the latter were the case then the AoA of the word-concepts learned first in L1 (Spanish) would prevail over the word-forms learned in L2 (English). However, the results of other studies have suggested that differences in word AoA at least reflect differences in the underlying visual and semantic representations, with more detailed and multimodal semantic representations stored in different modalities for early than late acquired items and a richer interconnectivity for early than late acquired items (see also Steyvers & Tenenbaum, 2005) . acquired items (see, e.g., Ellis, Burani, Izura, Bromiley, & Venneri, 2006; Steyvers & Tenenbaum, 2005) . While the most recent simulation-based investigation (P. Monaghan & Ellis, 2010) demonstrated the AoA effect could be observed in a network learning just spelling-sound mappings (without a semantic component), the authors of that investigation allow that when mappings involving semantics are implicated in reading, AoA effects would be predicted to be greater (see, also, Lambon Ralph & Ehsan, 2006) .
For reasons that require elucidation, in the study by Cuetos and Barbón (2006) word naming may have involved semantics to a greater extent than in the other studies that have been conducted on reading in transparent orthographies. Two characteristics of the study by Cuetos and Barbón (2006) can be suggested to have induced greater involvement of semantic processing in Spanish readers and thus could be identified as potential causes of the difference between the outcomes of the Spanish compared to the Italian and Dutch word naming studies.
Firstly, Spanish readers participating in the Cuetos and Barbón's (2006) study were somewhat faster at naming (M ϭ 498 ms) than the readers participating in the Italian studies (M ϭ 533 ms, Barca et al., 2002 ; M ϭ 523, Burani et al., 2007) . Even though this is conjectural because these are two different languages and there could be a high variability among populations and putative skill level, the faster responses of Spanish participants might have been responsible, at least in part, for the AoA effect on naming. Indeed, it has been argued that the contribution of semantics is increased when faster responses are induced (Kello & Plaut, 2000; Raman & Baluch, 2001; cf. Harm & Seidenberg, 2004; Strain & Herdman, 1999; Strain, Patterson, & Seidenberg, 1995 , for the opposite view). Thus faster word naming might have been associated with an increased semantic contribution that would have afforded a greater chance for semantically related AoA effects to appear.
Secondly, and crucially, the words named by the Spanish readers corresponded to object names and were consequently more concrete and imageable than the words used in both the Italian and Dutch studies (Barca et al., 2002; Brysbaert, Lange, & Van Wijnendaele, 2000; Burani et al., 2007; Ghyselinck et al., 2004) . The items in the latter studies were, in contrast, selected from different ranges of concreteness and imageability, thus including concrete and abstract words. This characteristic of the items used in the Spanish study is related to the first point-that is, the fast latencies of participants in the Spanish study-since concrete nouns have been found to be named faster than more abstract nouns (Pexman, Lupker, & Hino, 2002) . However, the higher imageability of the items used in the study by Cuetos and Barbón (2006) may have further implications for word processing and for the possibility that AoA effects can be manifest in word naming. Highly imageable words have richer semantic representations and connections and activate semantic features to a larger extent than lower imageability items (Jones, 1985; Plaut & Shallice, 1993) . Thus high imageability words may induce access to semantics and activate semantic mediation in reading more than abstract/low imageability words (Buchanan, Westbury, & Burgess, 2001; Pexman et al., 2002) . This document is copyrighted by the American Psychological Association or one of its allied publishers.
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If AoA effects have a locus, in part, in the semantic system, it could be the case that for AoA effects to be apparent in word naming in transparent orthographies, when words are read, detailed visual and semantic representations of their corresponding concepts must be activated, as they would be for more imageable items. Less imageable items are argued to elicit less activation of visuo/perceptual/experiential processing than more imageable items and are thought, rather, to be represented in an associative neural network (Crutch & Warrington, 2005) . If, for AoA effects to be found, multimodal semantic connections need to be activated, AoA effects will be preferentially found when highly imageable items are involved in reading. Consequently, with highly imageable words that activate visuo/experiential representations to a greater extent, AoA effects might be expected in word naming, similarly to what has been found in more explicitly semantic tasks such as picture naming or semantic categorization. This interesting possibility warranted a more detailed investigation of the apparently unexpected pattern of AoA and frequency effects in Spanish visual word recognition for print.
We studied word recognition in four experiments under conditions differing in key respects, comparing immediate word naming with speeded naming and lexical decision, and comparing AoA and frequency effects in naming for words selected from a wide range or from the high end of imageability. The orthogonalization of AoA and frequency aimed at overcoming the potential confound between the two variables. In Experiment 1, a fully factorial design with frequency and AoA as factors was used in immediate word naming. In this experiment, we tested AoA effects in Spanish using the same kinds of items as those used by Burani and colleagues (2007) , and by Brysbaert and colleagues (Brysbaert, Lange, & Van Wijnendaele, 2000; Ghyselinck, Lewis, & Brysbaert, 2004) , in their studies on Italian and Dutch, respectively. Unlike in Cuetos and Barbón (2006) , and similarly to the Italian and Dutch studies, in Experiment 1 we used sets of words characterized by a wide range of imageability values, and these items were well matched for other possible influential variables. In Experiment 2, we examined whether inducing shorter naming latencies could elicit AoA effects. Gerhand and Barry (1999b) found that the AoA effect was larger in speeded naming as compared to immediate naming. This speeding of performance could have given rise to the semantically related part of the AoA effect. The same items as in Experiment 1 were used but with a speeded naming procedure. In Experiment 3, the same stimuli as in Experiments 1 and 2 were used in a lexical decision task. The purpose was to test if AoA effects would be found in a task in which response arguably relies more on semantic information (Balota & Chumbley, 1984; Evans, Lambon Ralph, & Woollams, 2012) . Finally, in Experiment 4 the task was also immediate naming with a fully orthogonal factorial Frequency ϫ AoA design, but a new set of items was used, in which all the words were in the highimageability end of the range, similar to the stimuli used by Cuetos and Barbón (2006) .
The predictions for the four experiments were straightforward. In Experiment 1 (immediate naming), and in accordance with the results found in a very similar transparent orthography, Italian (see , frequency was expected to affect performance in the word naming of items that were drawn from a wider range of imageability than those used by Cuetos and Barbón (2006) . In Experiment 2 (speeded naming), as in Experiment 1, frequency was expected to affect performance and, if the contribution of semantics is increased by inducing faster responses (Kello & Plaut, 2000) , it was predicted that there would be a greater chance for the semantically related AoA effects to appear. Then, both frequency and AoA would be expected to affect naming latencies. In Experiment 3, frequency and AoA effects were expected to influence lexical decision because performance in this task is commonly assumed to rely on semantic information to distinguish words (Balota & Chumbley, 1984; Cortese & Schock, 2013; Evans et al., 2012) . Finally, in Experiment 4, if highly imageable items activate visuo/experiential features to a greater extent than less imageable items (Crutch, Connell, & Warrington, 2009) , thus inducing access to semantics in reading (Buchanan et al., 2001; Pexman et al., 2002) , then both frequency and AoA were expected to affect word naming.
Experiment 1: Immediate Naming
In Experiment 1, we selected a set of words with a wider span of imageability values compared to the object names used in Cuetos and Barbón (2006) . In Italian, a language with a similar transparent orthography to that of Spanish, Burani et al. (2007) found that only frequency and not AoA affected word naming performance when using both high and low imageability stimuli. The purpose of the current experiment was to study whether AoA effects in Spanish can still be found when words are sampled from a wider imageability range. According to the mapping hypothesis (P. Monaghan & Ellis, 2010; Zevin & Seidenberg, 2002) , only word frequency should reliably affect word naming performance in a transparent orthography like Spanish because the O-P mappings are highly consistent. Words acquired later in life could benefit from the mappings learned early in life, washing out the AoA effect. The same result would be seen, according to the semantic locus account of AoA, to the extent that semantics is not involved in word naming for the items in this study.
Method
Participants. Twenty-seven students of the University of Oviedo, Spain, participated in the experiment in exchange for course credits (mean age ϭ 19 years old; SD ϭ 3 years; range ϭ 18 -34 years old). All of them were native speakers of Spanish and had normal or corrected-to-normal vision.
Materials. Four sets of 30 items each were created in which frequency (high and low) and AoA (early and late acquired) varied orthogonally (see Appendix A for the full list of stimuli used). All sets were matched for length (in letters and syllables), initial phoneme characteristics (voicing and manner of articulation), bigram frequency (in tokens and types), imageability, familiarity, and orthographic neighborhood (n-size). Words were from four to 10 letters and from two to four syllables long. Table 1 shows the characteristics of the items used in Experiment 1. N-size and bigram frequency values were taken from the B-Pal program (Davis & Perea, 2005) . Adult word frequency and imageability data were obtained from the Léxico Informatizado del Español (LEXESP) database (Sebastián, Martí, Carreiras, & Cuetos, 2000) . For some items in which imageability ratings were not available, new ratings were collected following the same procedure as in the LEXESP database. A sample of students from the This document is copyrighted by the American Psychological Association or one of its allied publishers.
University of Oviedo was asked to judge the degree of difficulty they had in eliciting the image of the object represented by the word by means of a 7-point scale in which 1 indicated scarcely imageable and 7 indicated highly imageable (Cuetos & Barbón, 2006) . Age of acquisition ratings were collected using the same procedure as in Cuetos and Barbón (2006) , and the students were asked to estimate the age at which they believed they had learned each word with a 7-point scale. Each point in the scale represented a 2-year period in the life of the participants (i.e., 1 ϭ first two years; 7 ϭ 13 years old and after). Procedure. Participants were asked to read aloud as quickly and as accurately as possible the words that appeared on the screen, one at a time. Reaction times (RTs) from word onset to vocalization onset were recorded. Stimulus presentation, RTs, and vocal responses were recorded by means of the DMDX software (Forster & Forster, 2003) . Each trial started with a blank screen that lasted for 400 ms. After that, a fixation point ( ‫ء‬ ) appeared on the center of the screen and remained for 400 ms. Then, the word in lower case appeared on the center of the screen and remained there for a maximum of 1,500 ms. A practice session with 10 words preceded the 120 experimental items, that were presented in two blocks of 60 items each. Order of presentation of the words was randomized within each block. Also, block order was randomized. All RTs were extracted from recorded responses using the CheckVocal program (Protopapas, 2007) .
Results
RTs less than 200 ms or greater than 1,000 ms, as well as mispronunciations, were removed and excluded from analysis (this resulted in 2.19% of the total data being excluded). The mean naming latencies of correct responses in the experimental sets, together with standard errors, as well as the proportions of responses that were incorrect (% errors), calculated byparticipants, are shown in Table 2 . In the present and the following three experiments, only those effects that can be generalized to both subjects and items, that is to say, effects significant by participants (F 1 ) and items (F 2 ), are considered to be significant. Two-way analyses of variance (ANOVAs) were carried out with word frequency (high and low) and age of acquisition (early and late) as factors, both by participants (F 1 ) and items (F 2 ) on latencies (in ms). In the present and in the other two word naming experiments the very low error rates were not submitted to analysis of variance. The ANOVAs on RTs showed a main effect of word frequency, F 1 (1, 26) ϭ 17.17, MSE ϭ 295.40, p Ͻ .001; F 2 1, 116) ϭ 7.25, MSE ϭ 817.59, p Ͻ .05. Age of acquisition was significant by subjects only, F 1 (1, 26) ϭ 6.80, MSE ϭ 208.64, p Ͻ .05; F 2 (1, 116) ϭ 2.10, MSE ϭ 817.59, p Ͼ .10. The interaction Frequency ϫ Age of Acquisition was not significant (both F s Ͻ .1). Note. Word frequency is on 1 million tokens and was taken from the LEXESP database (Sebastián et al., 2000) . Age of acquisition, imageability, and familiarity are given as 7-point subjective ratings. N-size, length in letters, and length in syllables are reported as absolute values. Log token bigram frequency and log type bigram frequency are calculated in base 10. LEXESP ϭ Léxico Informatizado del Español database; n-size ϭ neighborhood size.
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Discussion
The results of Experiment 1 showed that when using a wider range of imageability (as compared to Cuetos & Barbón, 2006) , only word frequency affected word naming in Spanish (with AoA being significant only by participants). It seems that widening the range of stimulus imageability, presenting both object names (belonging to the higher end of imageability) and abstract words (belonging to the lower end of imageability), ensures that word naming is affected only by word frequency. These results are in accordance with the predictions for reading in transparent orthographies that can be derived both from the account assuming a semantic locus for AoA and from the arbitrary mapping hypothesis.
The effects of AoA so far seem to be limited to highly imageable object names in a task such as word naming (Cuetos & Barbón, 2006) . The characteristics of the items used by Cuetos and Barbón (2006) , their capacity to evoke mental images or their concreteness, could be responsible for the AoA effects found in their Spanish word naming experiment. Highly imageable items may involve semantics to a greater extent than other types of items (Crutch et al., 2009) , thus allowing the semantically related AoA effect to appear. This hypothesis will be explored in Experiment 4 by means of using highly imageable items for word naming.
Nevertheless, another possibility needs to be ruled out before pursuing an explanation in terms of the characteristics of the items. It has been pointed out that, by increasing reading speed, AoA effects might be amplified (Gerhand & Barry, 1999b) . This hypothesis will be tested in the following experiment.
Experiment 2: Speeded Naming
In the present experiment, we used the same items as in Experiment 1, but we manipulated the deadline by which participants were required to start the onset of the vocalization, with the intention of inducing participants to speed the processes involved in word naming. The purpose of the experiment was to study whether AoA effects in Spanish can be found when words are read in a speeded fashion. Gerhand and Barry (1999b) argued that the locus for the AoA effect was at the phonological output level. That is why they used a procedure to speed subjects' responses because they argued speeding responses would induce a larger impact on the phonological output lexicon, and thus the AoA effect would increase. Consistent with this view, Gerhand and Barry (1999b) found that the AoA effect was larger in speeded than in immediate word naming in English. However, in a later set of studies, Ghyselinck et al. (2004) failed to find an increase in the AoA effect in a comparison of immediate and speeded naming in Dutch. Ghyselinck et al. (2004) interpreted these results as evidence against the phonological locus hypothesis for the AoA effects.
Irrespective of the contrast between the two sets of results, there is another way of looking at the potential association between speeded naming and possibly greater AoA effects that comes from computational simulations. Kello and Plaut (2000) , in their connectionist simulations of strategic control in reading, claimed that according to the characteristics of the experimental list a strategic control could be exerted through an input gain mechanism that changes the sensitivity of a unit to inputs from other units. If the sensitivity of a unit could be increased, thus accelerating response onset, a smaller input would be necessary to produce the output. This input gain would emphasize the contribution of semantics (Kello & Plaut, 2000) and might bring up the semantically related AoA effects.
Irrespective of the theoretical frames presented here, predictions for the present experiment are the same. If shorter latencies might bring an AoA effect in a transparent orthography similarly to the English orthography, whether because speeded reading increases reliance on the phonological output lexicon or because it increases reliance on orthography-to-semantics (O-S) mappings, the use of a technique that speeds up naming would make AoA effects more likely to appear even with a set of items with a wide range of imageability, as the one used in Experiment 1. Thus, both frequency and AoA are expected to affect performance in speeded word naming.
Method
Participants. Thirty-five students from the University of Oviedo participated in this experiment in exchange for course credits (mean age ϭ 18 years old; SD ϭ 1.5 years; range ϭ 17-23 years old). All of them were native speakers of Spanish and had normal or corrected-to-normal vision. None of them had participated in the previous experiment.
Materials and procedure. Words and general procedure were the same as in Experiment 1 (see Table 1 and Appendix A for the list of items used), except that participants were told that words would disappear fast from the screen and were encouraged to name them before they disappeared (Gerhand & Barry, 1999b; Ghyselinck et al., 2004) . Each trial started with a blank screen that lasted for 400 ms. After that, a fixation point ( ‫ء‬ ) appeared on the Note. AoA ϭ age of acquistion.
center of the screen and remained for 400 ms. Then, the word appeared on the center of the screen and remained there for 400 ms. Practice session was the same as in Experiment 1, block order was counterbalanced, and order of presentation of the items was randomized.
Results
Data were excluded prior to analysis following the same procedure as in Experiment 1. This resulted in 3.3% of the total data being excluded from analysis. The mean naming latencies of correct responses in the experimental sets, their mean standard errors, and errors (in percentage), calculated by-participants, are shown in Table 3 .
The ANOVAs on RTs showed a main effect of word frequency, 
The RTs from the current speeded naming experiment were compared with those of Experiment 1 by means of a t test with experiment (immediate vs. speeded) as independent samples by participants (t 1 ) and as paired samples by items (t 2 ). Naming times were 76 ms faster in speeded (mean RTs ϭ 427 ms) than in immediate naming (mean RTs ϭ 503 ms), and this difference reached significance both by participants and items, t 1 (60) ϭ 5.56, p Ͻ .001; t 2 (119) ϭ 32.18, p Ͻ .001.
Discussion
Even though the speeded naming procedure used in Experiment 2 reduced naming times significantly, the results in the current experiment replicated the general pattern of Experiment 1. That is to say, frequency but not AoA affected word naming performance. These results are in line with those found by Ghyselinck et al. (2004) for another transparent orthography, Dutch, and indicate that speeding pronunciation onset does not induce AoA effects in word naming in Spanish.
However, it could be argued that the specific items selected for the present experiments are, for reasons unknown, not suitable for revealing AoA effects in comparison to the items selected for the Cuetos and Barbón (2006) experiment. That is why in the following experiment we tested with a different task (i.e., lexical decision) the influence of frequency and AoA in Spanish word recognition.
Experiment 3: Lexical Decision
So far, in the first two studies employing the word naming task, which taps both orthographic and phonological information, no reliable effects of AoA have been found. In the present experiment, we used the same words as in Experiments 1 and 2, but we varied the task, asking participants to perform lexical decisions instead of word naming. It is well established that lexical decision tasks may especially involve semantic information when words must be distinguished from very wordlike nonwords (Balota & Chumbley, 1984; Evans et al., 2012; Gerhand & Barry, 1999a; Menenti & Burani, 2007) . Thus, in the present study we required participants to distinguish words from wordlike nonwords to maximize the involvement of semantic processing in the preparation of lexical decisions. We predicted that if the locus of AoA is semantic, a reading task that more heavily involves semantics, such as lexical decision, would be able to elicit AoA effects together with a main effect of frequency (see, e.g., Bonin, Chalard, Méot, & Fayol, 2001; Burani et al., 2007; Cortese & Khanna, 2007; Menenti & Burani, 2007) .
Method
Participants. Twenty-six students of the University of Oviedo, Spain, participated in the experiment in exchange for course credits (mean age ϭ 19 years old; SD ϭ 2 years; range ϭ 18 -23 years old). All of them were native speakers of Spanish and had normal or corrected-to-normal vision. None of the students had participated in the previous experiments.
Materials. The words used in this experiment were the same as in Experiment 1 (see Table 1 and Appendix A for details on the stimuli used). One hundred and twenty nonwords were added to the 120 experimental words. Nonwords were created by changing one or two letters from real Spanish words. These changes were done in 40 stimuli by changing letters in the initial positions, in 40 nonwords by changing letters in the middle positions, and for the remaining 40 stimuli by changing letters in the final positions. All the nonwords constituted legal letter strings in Spanish. To render the nonwords more wordlike and thus induce deeper semantic processing, they were matched to words on bigram frequency (both token and type) for the entire strings. Bigram frequencies were calculated using the B-Pal program (Davis & Perea, 2005) . Nonwords were also matched with words in terms of the number of items with orthographic accent marks.
Procedure. Participants were asked to decide whether the stimulus presented on the screen was a word or not by pressing one Note. AoA ϭ age of acquistion. This document is copyrighted by the American Psychological Association or one of its allied publishers.
of two keys. They had to press "m" if they knew the word or "z" if they did not know it. The two keys were labeled with "sí" [yes] and "no," respectively. Reaction times from word onset to key pressing were recorded. Stimulus presentation and RTs recordings were done by means of DMDX (Forster & Forster, 2003) . Each trial started with a blank screen that lasted for 1,000 ms and was followed by a fixation point ( ‫ء‬ ) that appeared on the center of the screen and remained for 400 ms. After the fixation point, the stimulus appeared on the center of the screen and remained there for a maximum of 1,500 ms. A practice session with 20 items (10 words and 10 nonwords) preceded the 240 experimental items, which were presented in four blocks of 60 items each (30 words and 30 nonwords). Order of presentation of the words was randomized within each block. Also, block order was randomized.
Results
Only responses to words were analyzed. There were no missing data due to failures to respond within the 1,500 ms, and the performance of none of the participants could be considered to be an outlier. From a total of 3,120 data points, 187 errors (less than 6% of the total) were excluded from analyses. Two-way ANOVAs were carried out on the latencies (in ms) and errors (in percentage). The mean RTs of correct responses in the experimental sets, together with standard errors, as well as percentage errors, calculated by-participants, are shown in Table 4 .
Discussion
In a task such as lexical decision, which involves not only orthographic and phonological information but also semantics, we found that both frequency and AoA affected performance. Critically, these results demonstrate that the AoA effect influences visual word recognition performance for the same items if the task is varied to involve semantics.
Interestingly, and consistent with the results found in French, Italian, and English lexical decision (Bonin et al., 2001; Burani et al., 2007; Cortese & Schock, 2013; Gerhand & Barry, 1999a) , we also found that AoA interacted with frequency. Lowfrequency words were more subject to AoA effects than highfrequency words. If we consider that AoA effects may arise due to the contribution of O-S or semantics-to-phonology (S-P) mappings (Cuetos, Barbón, Urrutia, & Domínguez, 2009; Izura et al., 2011) , AoA effects are to be expected when a task (like lexical decision) involves such mappings. Additionally, the interaction between frequency and AoA can be explained by assuming variation in the timing of the availability of information required to make lexical decisions. The orthographic representations for high frequency words may be activated before any other type of information (i.e., phonological or semantic), and the orthographic familiarity of the stimulus may be enough to make a response to such words (Balota & Chumbley, 1984; Burani et al., 2007; Gerhand & Barry, 1999a; Plaut, 1997) . Conversely, the orthographic activation for low frequency words would be expected to be slower than for high frequency ones. Thus, to reliably make lexical decisions on low frequency words, orthographic familiarity is insufficient, and the contribution of semantics and phonology may be more critical than for high frequency items. An alternative explanation for the larger effect of AoA for low frequency words would be that the longer RTs for low frequency words would allow more time for semantics to have an influence on the processing of such words (Cortese & Schock, 2013; Strain et al., 1995; Strain & Herdman, 1999) , and consequently, AoA effects would appear. Both explanations predict larger AoA effects for low frequency Note. AoA ϭ age of acquistion. This document is copyrighted by the American Psychological Association or one of its allied publishers.
words. This is precisely the pattern of results found in Experiment 3. The effect of AoA was larger for low frequency words as compared to high frequency ones. In sum, it seems that it is indeed semantic involvement, or the O-S mappings, that is the key to eliciting AoA effects. We already know from Experiments 1and 2 that naming latencies in items with a wide range of imageability are not affected by AoA. In order to test the hypothesis that high item imageability might induce AoA effects, we completed another word naming task in which words were sampled from the higher range of imageability, similar to the words used by Cuetos and Barbón (2006) .
Experiment 4: Naming With Highly Imageable Words
The results of Experiment 3 indicate that AoA effects may have a locus at the level of semantic processing or O-S mappings. Thus, it seems that when semantics is activated, AoA effects emerge. It has been noted that an AoA effect on reading in Spanish has previously been reported only by Cuetos and Barbón (2006) , in which the experimental stimuli consisted only of highly imageable items. It can be hypothesized that asking participants to name highly imageable words will reveal an AoA effect because the richer semantic representations connected to highly imageable words would activate semantic features (or would cause the reader to rely on O-S mappings) to a larger extent than low imageability or abstract words (Pexman, Hargreaves, Edwards, Henry, & Goodyear, 2007; Pexman, Hargreaves, Siakaluk, Bodner, & Pope, 2008) . The question addressed in the current experiment is whether highly imageable items can activate semantics and thus reveal an AoA effect even in word naming.
Similar to Cuetos and Barbón (2006) , in the current experiment we presented only highly imageable items for naming. As in Experiments 1-3, we again varied AoA and frequency factorially. If highly imageable items (with richer semantic connections) activate semantic mediation (or O-S mappings) to a larger extent than lower imageable items, AoA could be expected to affect word naming as in the Cuetos and Barbón (2006) study.
Method
Participants. Thirty-three students from the University of Oviedo, Spain, participated in the experiment in exchange for course credits. Their mean age was 20 years old (SD ϭ 5; range ϭ 17-46 years). All of them were native speakers of Spanish and had normal or corrected-to-normal vision. None of the students participated in the previous experiments.
Materials. Four sets of 20 nouns each, varying orthogonally on word frequency (high and low) and age of acquisition (early and late acquired) with imageability ratings superior to 4.84 (in a 7-point scale) were selected (see Appendix B for the full list of words). The words were 2 to 4 syllables long and from 4 to 9 letters long. The four sets were matched for length (in letters and syllables), initial phoneme characteristics, n-size, bigram frequency (both in token and in types), and imageability. Familiarity could not be matched across sets, and it was allowed to covary. Variables' values and ratings were taken from the same sources and with the same procedures as in Experiments 1-3. Table 5 shows the characteristics (mean and standard deviations) of the items used in Experiment 4.
Procedure. The procedure and trial characteristics and duration were the same as in Experiment 1. A practice session with 10 words preceded the 80 experimental items that were presented in two blocks of 40 items each. Order of presentation of the words was randomized within each block. Also, block order was randomized.
Results
Following the same procedure as in the previous experiments resulted in 2.5% of the total data being removed and excluded from analysis. The mean naming latencies of correct responses in the experimental sets, their mean standard errors, and errors (in percentage), calculated by participants, are shown in Table 6 . Two-way ANOVAs were carried out on latencies only, and familiarity was entered as a covariate to control for its possible effects on word naming in the by items analysis. The ANOVAs on RTs showed a main effect of word frequency, F 1 (1, 32) Additionally, Experiments 1 and 4 were compared by means of a three-way ANOVA with experiment (1 and 4), in addition to frequency and AoA, as between subjects factor by participants and items (F 1 and F 2 , respectively). We conducted the analysis on RTs only. Since items were not matched by familiarity in Experiment 4, familiarity was entered as a covariate in the by items analysis to control for its possible effects. The effect of experiment was significant only by items but not by participants, F 1 (1, 58) 
Discussion
In the current experiment we tested the hypothesis that item characteristics might induce larger involvement of semantics (or O-S mappings) by using highly imageable words. Items were more imageable than the words presented in Experiments 1-3 and were similar in mean and spread of imageability values to those used by Cuetos and Barbón (2006) . The result of presenting these highly imageable words was that AoA effects were found together with frequency effects in word naming. The observation of an AoA effect is in line with that reported by Cuetos and Barbón (2006) , except for the effect of frequency that was not significant in their results.
The fact that semantically rich words like concrete nouns are processed differently compared to abstract nouns has already been This document is copyrighted by the American Psychological Association or one of its allied publishers.
described in previous reports on adult visual word recognition. Pexman and colleagues (Pexman et al., 2007 (Pexman et al., , 2008 (Pexman et al., , 2002 found that semantically richer words (i.e., with a high number of semantic features or associates, or a larger semantic neighborhood) were processed faster than words with poorer semantics not only in lexical decision and semantic categorization but also in word naming, even when controlling for other critical psycholinguistic variables. Similarly, Crutch et al. (2009) argued that concrete words have differential semantics as compared to abstract ones and, therefore, are processed differentially. This differential processing could have involved semantics to a greater degree and, as a consequence, allowed the semantically related part of the AoA to affect word naming performance. Interestingly, when both naming experiments (Experiments 1 and 4) were compared together, the effect of AoA reached significance. Since the Experiment by AoA interaction (or any other interaction) did not reach significance, it suggests that participants of both experiments were processing the stimuli in a similar fashion. Thus the characteristics of the items used in Experiment 4 seem to explain, at least partially, why a reliable AoA effect was found in Experiment 4 and in the joint analysis of Experiments 1 and 4. We further discuss the implications of these findings for a Note. Word frequency is on 1 million tokens and was taken from the LEXESP database (Sebastián et al., 2000) . Age of acquisition, imageability, and familiarity are given as 7-point subjective ratings. N-size, length in letters, and length in syllables are reported as absolute values. Log token bigram frequency and log type bigram frequency are calculated in base 10. LEXESP ϭ Léxico Informatizado del Español database; N-size ϭ neighborhood size. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
semantic explanation of the AoA effects in the General discussion section.
General Discussion
Word frequency and AoA are intercorrelated variables that have been reported to affect word processing in different languages and in a variety of tasks. The fact that words frequently encountered in life are processed faster and more accurately than words encountered fewer times in life has been well established in psycholinguistics. In the Dual Route Cascaded (DRC) model (Coltheart, Rastle, Perry, Langdon, & Ziegler, 2001 ) frequency influences performance because the baseline level of activation of word representations are determined by their frequency such that higher frequency words have higher levels of baseline activation and are thus more accessible. In a connectionist model (Plaut et al., 1996; Zevin & Seidenberg, 2002) frequency effects emerge as a result of the effect of training on the strength of sublexical O-P connections.
The observation that earlier acquired words are processed faster and with fewer errors than words acquired later in life has been reported in numerous studies (Johnston & Barry, 2006; Juhasz, 2005) . The AoA effect has been argued to arise from two sources of variance: a lexically related source and a semantically related source (Bates et al., 2001; Brysbaert & Ghyselinck, 2006; Cuetos et al., 2009) . In connectionist models, the AoA effect has been explained to result from the distribution of experience over time and the impact that that experience can have as learning networks become less plastic. Early acquired words set the pattern of connections so that later presented words should accommodate into the already created pattern. The network loses plasticity, in terms of the extent to which connections can be modified by experience, as training progresses (Ellis & Lambon Ralph, 2000; Lambon Ralph & Ehsan, 2006; J. Monaghan & Ellis, 2002; P. Monaghan & Ellis, 2010) . In this framework, the AoA effect is modulated by the nature of the mappings between input and output (P. Monaghan & Ellis, 2010; Zevin & Seidenberg, 2002) : The more arbitrary the mappings are, the larger the AoA effect, and vice versa, because arbitrary mappings must be learned by rote while more predictable mappings allow generalization of learning. This mapping hypothesis can explain the task-dependent AoA effect where larger AoA effects appear in tasks involving S-P mappings, as in picture naming, and O-S mappings, as in semantic categorization and visual lexical decision. It can also explain the item-dependent AoA effect where larger AoA effects are when words with inconsistent O-P mappings are presented.
The mapping hypothesis predicts that in transparent orthographies (with highly consistent O-P mappings) little or no AoA effects are to be found, whereas the word frequency effect should still be present (Zevin & Seidenberg, 2002) . Accordingly, in Italian and Dutch only frequency affected word naming (but see Wilson, Ellis, & Burani, 2012 , for an effect of AoA with irregularly stressed words in Italian), whereas both frequency and AoA affected lexical decision (Barca et al., 2002; Brysbaert, Lange, & Van Wijnendaele, 2000; Burani et al., 2007; Ghyselinck et al., 2004; Menenti & Burani, 2007) . Contrary to the mapping hypothesis, in Spanish word naming, AoA affected performance, but there was no reliable effect of frequency (Cuetos & Barbón, 2006) .
The aim of the present study was to further investigate whether (and, if so, under which conditions) AoA and frequency affected performance in Spanish visual word recognition. To pursue this goal, we carried out four experiments involving fully factorial manipulation of item frequency and AoA. In the first two word naming experiments-immediate naming in Experiment 1 and speeded naming in Experiment 2-frequency but not AoA (with AoA being significant only by participants in Experiment 1) affected performance. In the lexical decision task (Experiment 3) both frequency and AoA affected decision latencies. In Experiment 4 (immediate word naming), and as in Cuetos and Barbón (2006) , only highly imageable items were used and, under such conditions, both frequency and AoA affected performance.
Overall, the results found in these experiments are in line with the predictions that can be derived from both the semantic-locus and the mapping hypothesis (P. Monaghan & Ellis, 2010; Zevin & Seidenberg, 2002) . In a transparent orthography like Spanish, where O-P mappings are highly consistent, only frequency affects word naming (Experiments 1 and 2; see also Burani et al., 2007 , for similar findings on Italian reading aloud). However, an AoA effect was found, for the same items, if the task was lexical decision (see also Burani et al., 2007 , for Italian), a task that is known to involve semantics (Balota & Chumbley, 1984; Evans et al., 2012 ) to a considerably greater extent than word naming. Nevertheless, AoA did affect word naming if participants were presented with highly imageable words rather than a mix of high and low imageability items. Together, the results indicate a semantic (or in the O-S mappings) locus for AoA effects.
The results found here for naming (particularly those of Experiments 1 and 4) seem to be inconsistent with those found by Cortese and Schock (2013) . Cortese and Schock (2013) analyzed data from 1,936 two-syllable English words with a regression design and found that both imageability and AoA affected reading aloud RTs and accuracy (but see Cortese & Khanna, 2007 , for a null effect of imageability for single-syllable words once AoA was entered in the regression analysis). When analyzing the imageability by AoA interaction Cortese and Schock (2013) found that the effect of AoA was larger for low imageability words. Conversely, in the present investigation, we found that AoA reliably affected reading performance when using highly imageable words.
There are at least two possible explanations for this apparent difference. First, the approach used in both studies was different. In the present study, we used a factorial design in which imageability was controlled among conditions and words were chosen to orthogonally fit one of four groups of AoA and frequency. Cortese and Schock (2013) used a regression design in which all the variables, including imageability and AoA, were allowed to vary. This difference limits the possible comparisons between both studies. Even though we claim that factorial designs are appropriate to answer questions relative to highly correlated variables, such as frequency and AoA (or AoA and imageability, for that matter, though not the focus of the present study), we acknowledge that this limited the effect of a possible interaction between imageability and AoA, as the one found by Cortese and Schock.
A second explanation is that AoA effects in a language like Spanish with a transparent orthography are more dependent on the characteristics of the stimuli, particularly the semantic properties of the stimuli. Since, in Spanish, O-P mappings are highly consistent, small or no AoA effects are to be expected. Thus, AoA might not be found under the same conditions in Spanish as in other more opaque languages, such as English. However, certain semantic This document is copyrighted by the American Psychological Association or one of its allied publishers.
characteristics of the stimuli might enhance the possibility of finding an AoA effect. Support for this idea comes from the fact that, so far, the effects of AoA have only been found in Spanish with highly imageable items (Cuetos & Barbón, 2006) , as well as from the joint analysis of Experiments 1 and 4. The effect of AoA in Experiment 1 was significant by participants only. However, the addition to a joint analysis of the data corresponding to the imageable items from Experiment 4 revealed the presence of a semantic effect. Critically, the experiment by AoA interaction did not reach significance. This suggests that the processing evoked by the different stimuli in the two experiments was not categorically different. Rather, semantic involvement, reflected in the observation of the AoA effect, is a matter of degree that seems to depend, in part, on the semantic properties of the stimuli. Nevertheless, how can we reconcile our account with the fact that Cortese and Schock (2013) found larger AoA effects for less imageable words? We already know that low imageability words are more difficult to process than highly imageable words (Balota, Cortese, Sergent-Marshall, Spieler, & Yap, 2004; Cortese & Schock, 2013; Strain & Herdman, 1999; Strain et al., 1995; Strain, Patterson, & Seidenberg, 2002) . Additionally, it has been well described in previous research that late acquired words are more difficult to process than early acquired ones (Brysbaert & Ghyselinck, 2006; Ellis et al., 2006; Ellis & Lambon Ralph, 2000; Ghyselinck et al., 2004; Wilson, Ellis, & Burani, 2012) . According to Cortese and Schock the slower processing of a more difficult (with weaker O-P connections) late acquired word would allow a semantic variable such as imageability to affect word naming to a larger extent. Our results here show the opposite pattern for Spanish. When easier, highly imageable, words (with stronger O-P and O-S connections) are encountered, they are processed faster than late acquired words and yet affected by AoA. From our present study and from that of Cuetos and Barbón (2006) we know that in Spanish AoA affects performance when stimuli are highly imageable. From the study conducted by Cortese and Schock (2013) , we know that in English AoA affects highly imageable words, but it affects low imageable words to a greater degree. It could well be the case that AoA does not uniformly affect performance across the entire range of imageability and that AoA effects depend on the consistency of O-P mappings in a language. A new experiment in Spanish similar to Experiment 4 presented here but with words in the lower end of imageability should be conducted to see whether AoA also affects low imageable items in Spanish and whether this effect is larger than the one found here.
In sum, the present experiments support the hypothesis that one possible locus for AoA effects comes from the semantic information involved in the processing of different types of items (Brysbaert & Ghyselinck, 2006; Burani et al., 2007; Cuetos et al., 2009; Ellis et al., 2006; Steyvers & Tenenbaum, 2005) . However, why would highly imageable words induce a more semantically mediated processing for reading as compared to less imageable ones? The two types of words have differential properties. Highly imageable words (e.g., dog) mostly refer to object names and have a direct sensory referent, while less imageable nouns (e.g., loyalty) lack such referents (Paivio, 1986) . Clearly, this difference has implications for their mode of acquisition since the mode of acquisition of a concept is related to the nature (i.e., sensorial or linguistic-abstract attributes) of its referents (Ellis et al., 2006; Wauters, Tellings, van Bon, & Wouter van Haaften, 2003) . Highly imageable or concrete words tend to be learned perceptually, through direct interactive sensorial experience (for instance, one can see, touch and hear that "a dog has four legs and barks"). Conversely, the mode of acquisition of abstract words is more linguistically mediated (e.g., one may know that "a dog is loyal to its master" without ever having had a dog; Della Rosa, Catricalà, Vigliocco, & Cappa, 2010; Ellis et al., 2006; Wauters et al., 2003) .
Thus the "semantic primitives" of the concepts corresponding to highly imageable words are built upon the sensory/motor processes engaged during our earliest experiences with their referents, and this semantic knowledge can support word learning, word retrieval, and lexical-semantic rehabilitation across the lifespan (Antonucci & Alt, 2011) . In general, instances of highly imageable words tend to be associated with the context and circumstances in which the word has been experienced (Pexman et al., 2008) . It has been argued that the underlying traces may influence what is retained in lexical-semantic knowledge and thus affect word recognition (Wagenmakers et al., 2004) .
This view is supported by the results of a brain imaging study conducted by Ellis and colleagues (2006) . These authors showed that when people name pictures whose names are either early or late acquired, different patterns of brain activation are found. Greater activation was found in the occipital poles (posterior part of the middle occipital gyri) and the left temporal pole for early acquired items, whereas greater brain activation in the left middle occipital and fusiform gyri was observed for late acquired ones. This pattern of activation can be interpreted as evidence of the fact that early acquired words correspond to entities with whom one had direct sensory experience during the first years of life. These studies are consistent with the hypothesis that the process of mapping between different representations (e.g., between visual and semantic representations) is different for early and late acquired items. For instance, the anterior temporal areas that are active when processing AoA seem to be important for binding information stored in different modalities (see also Patterson, Nestor, & Rogers, 2007) . This pattern of activation might reflect the more detailed semantic representations for early than late acquired items and a richer interconnectivity for early than late acquired items (see also Steyvers & Tenenbaum, 2005) . If AoA effects have part of their source in the semantic system, the richer and more detailed visual and semantic representations of highly imageable concepts (as compared to those of less imageable concepts) might better mediate semantic involvement even in a task (i.e., word naming) in which the involvement of semantics is not mandatory. This would give the opportunity to the semantically related part of AoA to affect word processing (Brysbaert & Ghyselinck, 2006) . This was found in Experiment 4 and in Cuetos and Barbon's (2006) results.
The account we offer for the observation of AoA effects with highly imageable words in Spanish word naming is consistent with other findings in literature. Boulenger, Décoppet, Roy, Paulignan, and Nazir (2007) found similar frequency effects but larger AoA effects in lexical decision to nouns as compared to verbs that were less imageable, although the two categories of words were matched for several other variables. Indeed, while word frequency significantly predicted performance for both nouns and verbs, AoA was a significant predictor of RTs only for (concrete) nouns.
Our account is also consistent with the AoA effect that has been found by Raman (2006) in word naming in Turkish, another transparent orthography. In that study, the AoA effect was found with This document is copyrighted by the American Psychological Association or one of its allied publishers.
highly imageable items. Thus, it seems that the mapping hypothesis must take into account the nature of the semantic processing induced by items with different degrees of imageability.
In conclusion, in Spanish, and possibly in other languages (for instance, see Wilson, Ellis, & Burani, 2012, for Italian) , AoA effects seem to be not only task-dependent but also itemdependent. Previous research has shown that semantic richness facilitates visual word processing (Pexman et al., 2007 (Pexman et al., , 2008 (Pexman et al., , 2002 and that highly imageable words may have a central place in the core of the semantic network (Steyvers & Tenenbaum, 2005) , facilitating the semantically mediated processing of such words. In consequence, the AoA effects found in word naming in Spanish, reported by Cuetos and Barbón (2006) , and in the present study, are probably due to item characteristics that render word processing susceptible to semantic involvement. Note. Freq ϭ written frequency (in 1 million occurrences and taken from the LEXESP database; Sebastián et al., 2000) ; AoA ϭ age of acquisition; IMAG ϭ imageability; FAM ϭ familiarity; letters ϭ length in letters; syll ϭ length in syllables; N-size ϭ neighborhood size; BiTklog ϭ log bigram frequency (token); BiTplog ϭ log bigram frequency (type); LEXESP ϭ Léxico Informatizado del Español database.
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